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(54) FIELD EFFECT LIQUID CRYSTAL COMPOSITION 
(57)Abstract: 

PURPOSE: To obtain such a polymer gel system free from diffusion without causing 
by-reaction which consumes energy such as electrolysis of water and to improve 
responsibility for the electric field applied, by using a liquid crystal elastomer as a 
gellating material having compatibility with a low mol.wt. liquid crystal material. 
CONSTITUTION: This compsn. consists of a low mol.wt. liquid crystal material 3 and a 
liquid crystal elastomer 1 swollen with the low mol.wt. liquid crystal material 3. The 
liquid crystal elastomer 1 used has both properties of liquid crystal and rubber and is 



obtd. by polymn. of a polymerizable low mol.wt. liquid crystal material in the presence of 
a crosslinking agent. Before voltage is applied, the liquid crystal elastomer 1 is swollen 
in the low mol.wt. liquid crystal material having orientation of molecules shown in the 
figure (a). When voltage is applied under a condition of the mesogen 2 of the liquid 
crystal elastomer and dielectric anisotropy of the low mol.wt. liquid crystal molecules 3 
positive, the compsn. is oriented as shown in the figure (b) in such a manner that the 
direction of the major axis of the liquid crystal molecules is parallel to the electric field. 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not 
reflect the original precisely. 



2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1]An electric field effect type liquid crystal composition which comprises a 
liquid crystal elastomer which swelled with a low-molecular-liquid-crystal 
substance and its low-molecular-liquid-crystal substance. 
[Claim 2]The liquid crystal composition according to claim 1 which a 
low-molecular-liquid-crystal substance and a liquid crystal elastomer show a 
nematic phase. 



2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[0001] 

[Industrial Application]This invention relates to the new liquid crystal composition 
which answers promptly in an electric field. If it says in more detail, this invention 
amplifies the modification in the electric field of low-molecular liquid crystal with a 
polymer liquid crystal, and relates to the electric field effect type liquid crystal 



composition improved so that it could answer promptly also by impression of 
slight voltage. 
[0002] 

[Description of the Prior Art]lf liquid crystal material, for example, nematic liquid 
crystal material, is filled in the gap of the conductive glass of two sheets, it 
maintains to the temperature of a liquid crystal area and direct current voltage is 
impressed, Since what is called an electrooptic effect of returning to origin is 
shown when dispersion of the light by a liquid crystal film is produced, a liquid 
crystal film blooms cloudy like ground glass and direct current voltage is cut, it is 
used for various displays. 

[0003]As this liquid crystal material, by the way, aliphatic series and an 
aromatic-carboxylic-acid derivative, Although low molecule organic compounds, 
such as ether and a ketone derivative, an azomethine compound, an azine and 
a glyoxal derivative, and an azo compound, are used and these answer to an 
order (tens of milliseconds thru/or hundreds of milliseconds) by impression with 
a voltage of several volts thru/or tens of volts, The quicker response of several 
millisecond order is demanded by the purpose of use. 
[0004]On the other hand, as a result of doing briskly research of recent-years 



stimulus response nature polymer gel, it came to be known that a polymer hydro 
gel expands and contracts reversibly according to ambient conditions, such as 
temperature, pH, salt concentration, a solvent, an electric field, and light. Since 
this elasticity takes place by diffusion to the solvent of a polymer network, speed 
of response is governed by the diffusing constant, and there is a tendency for the 
time which elasticity takes to become short, so that polymer gel becomes small. 
[0005]Therefore, if the new polymers gel system which is not governed by 
diffusion can be formed, elasticity and the quick response of modification should 
be obtained regardless of the size of gel, and if this fundamental view is applied 
to a liquid crystal, the actuator with which the response has been improved will 
be obtained. 
[0006]However, since a common polymers network structure substance like 
polystyrene gel developed in recent years lacks compatibility with a 
low-molecular-liquid-crystal substance, it cannot use for the response 
improvement of a liquid crystal, and the liquid crystal which has improved the 
response according to the view of the former above has not been realized yet. 
[0007]Although known about modification by voltage impressing also in the 
system which used the polymer hydro gel, Since modification of this hydro-gel 



takes place with potential higher than the electric field potential of water, most 
energies are consumed by the electrolysis of water, it is inefficient, and it is 
unsuitable to use this as an actuator. 

[0008] 

[The technical problem which an invention makes like with solution] About a 
liquid crystal, this invention realizes the polymers gel system which is not 
governed by diffusion without being accompanied by the side reaction which 
consumes energy like the electrolysis of water, and it is made for the purpose of 
improving the response in the electric field. 
[0009] 

[Means for Solving the Problem]By using a liquid crystal elastomer which has a 
low-molecular-liquid-crystal substance and compatibility as a substance made to 
gel, as a result of repeating research variously so that this invention persons 
may make a polymers gel system of a liquid crystal which is not governed by 
diffusion form and it may raise the response, It finds out that that purpose can be 
attained and came to make this invention based on this knowledge. 
[0010]That is, this invention provides an electric field effect type liquid crystal 
composition which comprises a liquid crystal elastomer by which a 



low-molecular-liquid-crystal substance and its low-molecular-liquid-crystal 

substance swelled. 

[001 1]A liquid crystal elastomer used by this invention is rubber and a substance 

provided with character of both liquid crystals which are obtained by 

polymerizing a polymerization nature low-molecular-liquid-crystal substance 

under existence of a cross linking agent. 

[0012]As such a thing, it is a general formula, for example. [Formula 1] 
R 1 

H 2 C = C-C0 2 - CCHi) ^O^qXOV CN (I) 



(-- the acrylic acid or methacrylic acid ester to which a hydrogen atom or a 
methyl group, and n are expressed with integer) of 2-12 R1 in a formula -- a 

general formula [Formula 2] 

R2 R z 

t 1 
H1C-C-CO2- CCH Z ) m -OzC-C = CH 2 (I I) 



(R2 in a formula can mention what was obtained by polymerizing a hydrogen 
atom or a methyl group, and m using a radical polymerization initiator, for 
example, an azobis compound, and a peroxide under existence of the bis(acrylic 



acid or methacrylic acid)ester expressed with integer) of 2-12. 
[0013]The liquid crystal composition of this invention is a 
low-molecular-liquid-crystal substance, for example, a general formula, about 
this liquid crystal elastomer. [Formula 3] 

-YnWoV c n cm} 



R3 of (type Naka is added into a biphenyl compound expressed with alkyl group), 
and is prepared by making it fully swell. Usually, since this swelling magnification 
will be about 2 to 20 times, as for more than double capacity of a liquid crystal 
elastomer, a low-molecular-liquid-crystal substance is preferably used at a rate 
more than 10 time capacity. 

[0014] 

[Function]Next, according to an accompanying drawing, an operation of the 
liquid crystal composition of this invention is explained typically. Drawing 1 is a 
mimetic diagram showing change of the oriented state of a liquid crystal element 
before and after impressing the voltage at the time of using a side chain type 
liquid crystal elastomer, the ellipse 2 of ****** and 2 -- are the meso genes of the 
liquid crystal elastomer 1 , and the black ellipse 3 and 3 -- show the molecule of a 



low-molecular-liquid-crystal substance. 
[0015]Before impressing voltage, the liquid crystal elastomer 1 is swelling in the 
low-molecular-liquid-crystal substance 3, and the molecular orientation at that 
time has become as shown in (a). And if voltage is impressed when the meso 
gene of a liquid crystal elastomer and the induced anisotropy of a 
low-molecular-liquid-crystal substance molecule are negative, orientation will be 
carried out so that the major axis direction of a liquid crystal element and 
direction of an electric field may become parallel, as shown in (b). Drawing 2 is a 
mimetic diagram at the time of using a main chain type liquid crystal elastomer. 
Orientation is changed into the state of (b) from the state of (a) after all. 



[0016]And this orientation change is transmitted as change of the polymers 
network structure of a liquid crystal elastomer, and the whole structure changes. 
Next, if voltage is turned OFF, in order to restore each liquid crystal element to 
the state (a) before voltage impressing, the whole structure also returns to the 
original state. 
[0017]On the other hand, even if it impresses voltage to the liquid crystal 
elastomer which is not swelling by a low-molecular-liquid-crystal substance, 



since this liquid crystal elastomer does not have mobility, it does not produce 
modification. 

[0018]Although the example in negative in both induced anisotropy of a liquid 
crystal elastomer and low-molecular liquid crystal was shown here, it is included 
also when one side is [ another side ] negative in positive in this invention, a 
case positive in both, and. And it is possible to produce a different response 
behavior by changing combination in this way. 
[0019] 

[Example]Next, an example explains this invention still in detail. 
[0020J1.00 g (2.86mmol) of example 4' **SHIANO** 4 **BIFENIRU oxyhexyl 
acrylate, The cross linking agent 1, 66.0 mg (0.292mmol) of 6 **JIAKURIRETO 
hexane, The polymerization initiator 2 and 5.2 mg (0.032mmol) of 2' **AZOBISU 
(isobutyronitrile) were dissolved in 3.5 ml (toluene: 2 ml, DMSO:1.5ml) of toluene 
dimethyl sulfoxide (DMSO) mixed solvents, and it deaerated under 
decompression. At 60 **, this reaction solution was maintained for 30 hours, and 
radical copolymerization was carried out. The liquid crystal polymer which is not 
constructing a bridge without adding a cross linking agent for comparison of the 
thermal characteristics, such as transition temperature, was also manufactured. 



The polymerization reaction occurred efficiently in toluene DMSO mixed liquor, 
and the liquid crystal polymer and the homogeneous gel liquid crystal elastomer 
of the amount of polymers were obtained comparatively. After washing 
repeatedly in a methylene chloride, reduced pressure drying of the obtained 
elastomer was carried out. 

[0021 ]AII the liquid crystal phases of the liquid crystal polymer used here, a liquid 
crystal elastomer, and low-molecular-liquid-crystal substance 4 **SHIANO** 4' 
**HEKI sill oxybiphenyl showed the nematic phase. The transition temperature of 
the liquid crystal polymer (LCP), liquid crystal elastomer (LCE), and 
low-molecular-liquid-crystal substance [LLC(III)] for which it asked from DSC 
measurement and observation by polarizing microscope was shown in Table 1. 
Compared with the liquid crystal polymer, the liquid crystal phase forming 
temperature fields of the liquid crystal elastomer decreased in number. By bridge 
construction, Tg (glass transition point) goes up and is considered that TN->I 
(nematic phase-isotropic phase transition temperature) decreased. 
[0022]Next, the dipping of the liquid crystal elastomer obtained by carrying out in 
this way was carried out to the low-molecular-liquid-crystal substance 4 
**SHIANO** 4' **HEKI sill oxybiphenyl of 20 time capacity, and it was swollen. 



This swelled to about about 8.8 times to the weight at the time of desiccation at 
76.0 **. TN->I of the liquid crystal elastomer [LCE+(III)] of the gel state became 
77.8 ** a little higher than TN->I of low-molecular-liquid-crystal (III). 
[0023] 

[Table 1] 



i S o i s 




LC P 


g 37.6 N 12 6.3 I 


L C E 


g 43.0 N 103.8 I 


LLC(I I I ) 


K46.1 N 75.9 I 


LCE + (I I I ) 


N 7 7.81 



[0024]As for the sign g in front, a vitreous state and K mean a crystallized state, 
N means a nematic state, and I means an isotropic phase. 
[0025]The sandwiched type cell produced using the reference example clear 
glass electrode was filled up with the liquid crystal elastomer cut to about 50-200 
micrometers with the low-molecular-liquid-crystal substance. After maintaining 
this cell at 76.0 ** for several hours and swelling a liquid crystal elastomer, the 
direct current voltage of 50-1 00V was impressed to the cell. Although the 
modification in the ms order of a liquid crystal elastomer was accepted in 
connection with voltage impressing, when voltage was removed, it restored to 



the shape of the basis promptly. Orientation change of a liquid crystal element 
was observed at the time of modification. 
[0026] 

[Effect of the lnvention]According to this invention, the modification in the electric 
field of low-molecular liquid crystal can be amplified to modification of a polymer 
liquid crystal, the electric field effect type liquid crystal composition which can 
answer promptly also to impression of slight voltage is provided, and this can be 
suitably used as various actuators, a display, etc. 



2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] The mimetic diagram showing change and modification of an array 
state before and after impressing the voltage at the time of using a side chain 
type liquid crystal elastomer. 

[Drawing 2] The mimetic diagram showing change and modification of an array 
state before and after impressing the voltage at the time of using a main chain 
type liquid crystal elastomer. 

[Description of Notations] 

1 Liquid crystal elastomer molecule 

2 The meso gene of a liquid crystal elastomer molecule 



3 Low-molecular-liquid-crystal substance molecule 
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